Introduction
Chemistry of galaxies has been studied for a long time using spectroscopy of the integrated stellar light. There are, however, limitations to this method, such as the large abundance variations from star to star and the consequent difficulty in the interpretation of the data (McWilliam 1997) , or the impossibility of using this technique in poorly populated regions, as in the haloes of elliptical galaxies.
Planetary nebulae (PNe) with their prominent emission lines can be used to measure the metallicity in nearby galaxies. In spite of the importance of the topic, few spectroscopic data have been obtained for PNe in external galaxies, except for the Magellanic Clouds. PNe in the LMC and the SMC have been extensively studied by several authors, for instance Dopita et al. (1997) , Reyes et al. (1997) , and Richer (1993) . To date, there are only few other galaxies. In fact, abundance analysis requires the determination of electron temperature and density, as well as the intensities of various lines of different ionization states. The most important line for temperature determination,
is, for instance, from 50 to 200 times weaker than [O iii] 5007Å (e.g. Ford et al. 2002) .
Before our work, the farthest galaxy with direct abundance measurements in PNe was M 31 (750 kpc, Freedman et al. 2001) . Chemical abundances of PNe in M 31 have been investigated by Jacoby & Ciardullo (1999, hereafter JC99) and Stasinska et al. (1998) , as well as by Hyung et al. (2000) who used the data from the previous work of Stasinska and collaborators. A total of 45 PNe have been studied. In the companion galaxies of M 31, spectrophotometric data have been obtained for PNe of NGC 185, NGC 205 (Richer & McCall 1995) and of M 32 (Stasinska et al. 1998; Hyung et al. 2000) . In the Fornax galaxy, one PN is known and its chemical abundances have been derived by Danziger et al. (1978) and Walsh et al. (1997) . Spectrophotometry of the two PNe in the Sagittarius dwarf elliptical galaxy was done by Walsh et al. (1997) . Chemical abundances of PNe in NGC 6822 were computed by Richer & McCall (1995) . Spectra of 5 PNe in the giant elliptical galaxy NGC 5128 (Centaurus A) at the distance of 3.5 Mpc were analyzed by Walsh et al. (1999) . These are the farthest PNe where chemical abundances have been measured. This was done using diagnostic line ratios of various ions without, however, a direct determination of the electron temperature.
The galaxy M 33 (NGC 598) is the third-brightest member of the Local Group. Its large angular size (optical size 53'×83', Holmberg 1958) and its intermediate inclination i=56
• (Zaritsky 1999 ) make it particularly suitable for studies of spiral structure and stellar content (van den Bergh 2000) . A total of 131 candidate PNe are known in M 33
Send offprint requests to: L. distributed throughout the whole galaxy (Magrini et al. 2000; 2001a) . The objects were identified with the following two criteria: i) they should appear both in the [O iii] and Hα+[N ii] images but not in the continuum frame, and ii) they should have a stellar point spread function. In this paper, we present spectroscopy of 39 PN candidates and of 9 unclassified emission-line objects discovered in our previous survey (Magrini et al. 2000, hereafter M00) . In Section 2 we describe the observations, the reduction procedures and the flux measurement with their de-reddening. The analysis of the spectra and the determination of the physical and chemical properties of the PNe are presented in Section 3.
A critical discussion on the chemical abundances is given in Section 4. Conclusions follow in Section 5.
Observations and data analysis
Thirty-nine candidate PNe and nine unclassified objects with emission lines and a nonnegligible continuum, selected from the list of M00, were observed on October 16-17, 2001.
We have used AF2/WYFFOS, the multi-object, wide field, fibre spectrograph working at the prime focus of the 4.2 m William Herschel Telescope (La Palma, Spain). The WYFFOS spectrograph was used with a single setup: the R600B grating (600 line mm −1 ) providing a dispersion of 3.0Å/pixel. The resulting spectral range, from 4300Å to 7380
A, included the basic lines needed for the classification of the objects as PNe and the determination of their chemical abundances. However, due to the arrangement of fibres at the spectrograph entrance, not all the spectra start at the same wavelength and for 15 PNe the λ4363Å spectral region was not observed. The spectrograph WYFFOS was equipped with a 1024×1024 TEK CCD. We used the Small Fibre module which is made of 150 science fibres with 1.6 arcsec diameter (90 µm) projected on the sky. i.e emission-line objects with a non-negligible continuum emission (M00). Targets are distributed rather uniformly over the face of the galaxy (Figure 1 ). We used the remaining fibres to take simultaneous sky/background spectra. A total of 13 science exposures of 2400 s each were taken (5 in the first night and 8 in the second night) through light cirrus with 1.5 arcsec seeing.
Several offset sky exposures using the same fibre configuration were taken before and after the M 33 observations in order to do a correct sky subtraction. 
Data Reduction
The data were reduced using the IRAF multi-fibre spectra reduction package DOFIBER.
The sky subtraction represented the most difficult part of the reduction. As already mentioned, we used some of the fibres to monitor the sky background during the science exposures and we also had several offset sky exposures with the same fibre configuration.
We used the sky fibres in our exposures of M 33 to monitor the relative intensity of the atmospheric emission lines, which are known to vary during the night. However, these sky fibres lie in different positions in the spectrograph focal plane and consequently produce spectra with different spatial and spectral instrumental profiles. For this reason, they cannot be used for a direct sky subtraction. There are instead no variations in the instrumental profiles for each individual fibre between the offset sky frame spectra and the science frames, as fibres are fixed at the spectrograph entrance. We therefore used these offset sky spectra to do the sky subtraction, after correcting the relative intensity of the atmospheric lines using the mean sky spectrum computed from the sky fibres observed at the same time as the science targets.
Flux calibration
Relative data flux calibration was obtained taking spectra with several fibres of the spectrophotometric standard stars G191B2B (Oke 1990 ) and 40 Eri B (Oke 1974) . Using AF2, the absolute flux calibration cannot be done, since one is limited by the fixed fibre diameter. In addition, it is impracticable to observe a spectrophotometric standard star in all the science fibres in order to have a sensitivity function for each fibre. In order to test whether a mean sensitivity function can be used for all the fibres, the standard star G191B2B was observed in nine fibres and the sensitivity functions of those fibres were analyzed. The variations of the spectral response of each fibre are within ∼1% in the whole spectral range, as shown in Figure 2 . This result allows us to use a mean sensitivity function for all the fibres.
Flux measurement and de-reddening
Emission line fluxes of the spectra were measured using the MIDAS/ALICE package. We also used the IRAF task TWOFITLINES (IACTASKS, Acosta 1999) to estimate errors on the fluxes. This task computes the uncertainty of model parameters by a number Fig. 2 . The percentage variation from fibre to fibre of the sensitivity function.
of repeated fits to simulated data, generated from the best model with random noise added. The absolute errors on the measurement of the emission-line strengths are given;
percentage errors (not including flux calibration errors) on the Hβ line are shown in Table 1 . The background noise and the sky subtraction are the greatest sources of error and they affect uniformly the whole spectral range where emission lines were measured.
Thus, the absolute error of each emission line of our spectra is approximately constant and equal to the absolute error of Hβ line. Moreover, systematic errors due to the flux calibration, including the errors on the Oke fluxes (∼ 0.01 mag), were estimated to be approximately 5-10% along the whole spectral range.
The observed line fluxes have been corrected for the effect of the interstellar extinction.
The extinction law of Mathis (1990) with R V =3.1 has been used. The c β , which is the logarithmic difference between the observed and un-reddened Hβ fluxes, was determined comparing the observed Balmer I(Hα)/I(Hβ) ratio with its theoretical value. All fluxes are presented on a scale relative to Hβ, where F(Hβ) is set to 100. Observed fluxes and c β for the objects in whose spectra we could extract information are shown in Table 1 .
The percentage errors on the Hβ fluxes are presented in the last line of Table 1 .
Analysis of the spectra
Out of the 48 targets observed, the spectra of 3 candidate PNe and 2 unclassified objects were so weak that no usable information could be extracted, whereas one of the unclassified objects, namely MCMPc9, turned out to be a normal star. The nature and properties of the remaining 42 objects are discussed in the following.
The Balmer decrement: PNe extinction
The weighted mean value of the logarithmic extinction, c β , of the PN candidates (Table 1) is 0.73 ± 0.21. Approximately 30% of the candidates have a very small c β and presumably they lie in front of the galaxy. The other PNe have c β greater than 0.5: they lie on the far side of M 33 and/or in regions of the spiral arms where the extinction is higher. The mean logarithmic extinction of our disc PNe is similar to that found by JC99 in three
PNe on the disc of M 31 (c β = 0.50; JC99). Magrini et al. (2000) introduced the excitation parameter R=
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as a crude indicator of the nature of extragalactic emission line objects found in narrow-band surveys, arguing that most objects with R > 1 (and point-like at the distance of M31 and M33) are expected to be PNe. Ciardullo et al. (2002) suggest a slightly higher limit (R > 1.6) for PN candidates in the brightest 1-magnitude bin of the PNLF. Nevertheless, using R > 1.6, we would exclude a large number of low excitation PNe. In fact about 40% of confirmed Galactic PNe have R < 1.6 (see M00, Figure 3 ). In the following analysis on the nature of candidate PNe, we consider adequate for PNe values of R from 0.3 to larger than 1.6, as expected for a 'normal' (i.e. Galactic) population of PNe. However, to identify bona fide PNe, more precise indicators should be used when, as in our case, a larger part of the spectrum is available. The empirical emission line diagrams (Sabbadin & D'Odorico 1976 , García-Lario et al. 1991 , Riesgo-Tirado & López 2002 ) have proved to be very useful in distinguishing among different classes of Galactic ionized nebulae, the most effective one being probably that displaying the Hα/[N ii] vs. Hα/[S ii] line ratios, as it neatly separates PNe from H ii regions and supernova remnants. This diagnostic diagram is especially valuable for extragalactic objects since it involves relatively strong lines and avoids information less easily obtainable in the UV or IR spectral ranges. We have recalculated the PNe zone in this diagram using the most precise Galactic and extragalactic data available: Kingsburgh & Barlow (1994, hereafter KB94) , Kaler et al. (1996) will include H ii regions, SNR and low excitation PNe. From the galaxy distribution of R discussed in our previous work (M00), we did expect a contamination by H ii regions of approximately 11%, a figure which is in rough agreement with the values found above.
The probable nature of each object, as deduced from the preceding discussion, is specified in Table 1 .
Electron density and temperature
The essential line for electron temperature determination, 4363Å [O iii], was measured in 6 PNe ( MCMP60, 65, 91, 93, 101, 122) . For the other 36 objects, it was not observed:
for 21 objects it was too faint to be detected while in the remaining 15 the spectral range did not include it (Section 2). are also indicated.
Chemical abundances
As mentioned before, chemical abundances could be derived with a reasonable accuracy only for three out of the six PNe, namely MCPM91, 93, and 101, in whose spectra the [O iii] λ4363Å was detected since their S/N was good also for the weakest lines.
Helium ionic abundance have been computed considering the Case B recombination and using the effective recombination coefficients from Hummer & Storey (1987) for
Hβ and He
2+ and from Brocklehurst (1971) for He + . The He i line strengths were corrected for the effect of collisional population of their upper state following Clegg (1987) .
The contribution of this effect is negligible in the case of low densities. The ionic metal abundances were derived from their collisionally excited lines solving the equations of statistical equilibrium. In order to calculate the total abundances, the unseen stages of ionization were accounted for using the standard ionization correction factors (ICF) (KB94). We used the same atomic data as KB94.
We estimated errors in the chemical abundances of these three objects on the bases of the error propagation across the procedure of evaluation of abundances, taking into account the uncertainties in the observed fluxes of the relevant lines and in the electron temperatures. Errors due to the uncertainties in the atomic quantities were not considered due to the extreme complexity of that, also regarding obvious compensation of these errors among the various atomic quantities. We obtained formal errors of: 20-30% for He, 25-50% for O, 40-70% for N, and 30-70% for Ar. Errors are not given for S since its abundance is uncertain and it will be discussed in Section 4.2. The derived chemical abundances of the three PNe are listed in Table 3 .
Discussion on the chemical abundances

Comparison with other galaxies
The median abundances of Helium, Nitrogen, oxygen, sulphur and argon of the three PNe are given in Table 4 . He abundance is given as He/H, whereas (N, O, S, Ar) abundances are in the usual log[ X H ]+12 units. In Table 4 we show for comparison chemical abundances of 15 PNe in M 31 (JC99), the Milky Way (from the sample of KB94), the LMC and the SMC (Clegg 1992) , the Sagittarius dwarf galaxy (Walsh et al. 1997 ) and the elliptical galaxy Centaurus A (NGC 5128, Walsh et al. 1999) . These data include all the most (Ford et al 2002) . We also present the abundances of several H ii regions: of M 33 (Kwitter & Aller 1981 , Vílchez et al. 1988 , of M 31 (Blair et al. 1982) , of LMC and SMC (Dufour 1984) and of the Orion nebula (Rubin et al. 1991) . Finally, the figures can be compared with the solar abundances (Clegg 1992 ).
The median helium abundance of our PNe is close to that of the PNe in M 31 (JC99), Table 4 ). The stellar evolution theory predicts that PNe should have enhanced abundances of He, N and C whereas the elements heavier than N should have abundances not appreciably different from those at the moment of the formation of their progenitor stars (cf. Iben & Renzini 1983) .
The comparison of abundances in PNe and H ii regions for the galaxies of Table 4 shows that in our Galaxy, LMC and SMC the theoretical predictions in all elements are verified. The prediction appears to be verified for He and N in M33 and for N in M31 (note that in M31 the H ii region abundance of He is not reported) whereas for O, S, and Ar the numbers do not support the predictions. Since the abundances both of PNe Jacoby & Ciardullo (1999) , (c) Kingsburgh & Barlow (1994) , (d) Clegg (1992) , (e) Walsh et al. (1997) , (f ) Walsh et al. (1999) , (g) Kwitter et al. (1981) , Vílchez et al (1988) , (i) Blair et al. (1982) , (j) Rubin et al. (1991) , (k) Dufour (1984) .
and H ii regions are better measured in our Galaxy and the MCs than in M31 and M33, we infer from the above that the abundances of O, S, Ar in M31 and M33 might not be accurate enough to claim agreement or disagreement with the theory as far as the behaviour in PNe versus H ii regions is concerned. We also compare the N/O of the three PNe in M33 to that found in H ii regions in the same galaxy. According to Table 4 , N/O is, on average, 0.05 for the three PNe, and similar to the N/O ratios of 0.07 and 0.06 found by Kwitter et al. 1981 and Vílchez et al. 1988 for H ii regions in M33. For any other galaxy in Table 4 , N/O for PNe is much larger than for H ii regions, showing the N enrichment occurring in the atmospheres of intermediate mass stars. It seems that such an enrichment has not occurred for the three PNe in M33.
In the following, we first consider the abundance of S, which is unexpectedly low both in comparison with that in the H ii regions of M33 and relative to PNe in our Galaxy.
Next we address the abundance of N, which is higher than the corresponding abundance in the H ii regions of M33, but lower than PNe in the Galaxy.
The sulphur abundance
The unexpected low sulphur abundance in the PNe observed in M 33 can be explained by the fact that we are not observing the [S iii] lines. In high excitation objects, such as PNe, most of the sulphur is twice ionized, and abundances derived using only [S ii] lines are not representative of its total abundance, even if corrected with the nominal ICF.
Thus we must consider our value as a lower limit to the true abundance of S.
The nitrogen abundance
The nitrogen abundance that we found is quite low for a galaxy of normal metallicity, as 
Conclusions
We have presented optical spectra of a sample of candidate PNe in the nearby spiral None of the emission objects that were classified as "uncertain" by M00 (because having a non-negligible continuum emission) seem to be PNe: three are likely H ii regions and two SNRs. Thus, these spectra confirm the overall reliability of the criteria adopted by Magrini et al. (2000 Magrini et al. ( , 2001b Magrini et al. ( , 2002 to select candidate PNe in galaxies of the Local Group from ground-based narrow-band imaging. The degree of contamination found for M33
PNe is approximately 20% and 10% for unresolved H ii regions and SNRs, respectively. This work also confirms the potentiality of the use of PNe for the determination of chemical abundances for the old and intermediate populations of galaxies, as an alternative to integrated light spectroscopy. With a 4 m-class telescope one can reach the limits 
